Using a mail-delivered questionnaire, we surveyed 590 veteran amputees concerning phantom pain, phantom sensation and stump pain. They were selected randomly from a population of 2974 veterans with long-standing limb amputation(s) using a computer random number generator. Eighty-nine percent responded and of these, 55% reported phantom limb pain and 56% stump pain. There was a strong correlation between phantom pain and phantom sensation. The intensity of phantom sensation was a significant predictor for the time course of phantom pain. In only 3% of phantom limb pain sufferers did the condition become worse. One hundred and forty-nine amputees reporting phantom pain discussed their pain with their family doctors; 49 were told that there was no treatment available. Transcutaneous electric nerve stimulation, analgesics and nonsteroidal anti-inflammatory drugs were satisfactory methods for controlling phantom limb pain. (Br.
Knowledge of the persistence of sensation in a limb which has been removed must be as old as survival from amputation. Nevertheless, it was not until 1551 that the French military surgeon Ambroise Pare recorded the condition clearly when discussing amputations. 1 In 1871 Silas Weir Mitchell published his article "phantom limbs" and gave us this term which has had universal usage. 2 The phantom limb can be either painless (termed phantom limb sensation) or painful (phantom limb pain).
Virtually all amputees have various types of persistent phantom sensations. 3 The relation of these sensations to phantom pain is still not clear. The frequency of chronic phantom limb pain has been a matter of debate. It ranges between 1% and 98% in various studies. [4] [5] [6] [7] [8] One explanation for an apparent low incidence is probably the poor therapeutic consequences of treatment.
The aim of this investigation was to establish the incidence and time course of phantom limb and stump pain in long-standing amputees, to determine if there is a link between phantom sensation and phantom pain, and to examine the choice and effectiveness of treatment.
Patients and methods

POPULATION SURVEYED
The British Limbless Ex-Servicemen's Association (BLESMA) supplied a list of all 2974 members. Members of BLESMA are mainly old veterans with limb amputation(s) from World War II, the Falklands war and a few survivors from World War I. We selected randomly 590 members (approximately a one in five sample) to receive the questionnaire using a computer random number generator. All individuals selected were male amputees. A pilot study of 30 questionnaires was carried out before the main study to assess the rate of response and test the clarity of the questionnaire. The response for the pilot study was 85%. THE 
QUESTIONNAIRE
The survey instrument shown in figure 1 consisted of four pages which was a modification of the questionnaire used by Sherman, Sherman and Parker. 4 Each questionnaire was sent with a stamped addressed envelope and a personally addressed covering letter briefly defining phantom pain, phantom sensation and stump pain, and this was repeated at the beginning of relevant sections in the questionnaire. The covering letter included a clear request for all recipients to respond regardless of the presence or absence of phantom or stump pain.
Explanation of the method to rate pain was given at the beginning of the questionnaire. The same method was used to rate the uncomfortable phantom sensation. Questions required yes/no or do not know, rating scale or short answers. The questionnaire consisted of the following sections.
Patient characteristics and amputation history
Questions requested information on age, sex, reason for amputation, number of years since amputation, site of amputation, presence or absence of pain in the limb before amputation and use of prostheses.
Pain sensitivity and attitude towards use of medical treatment for pain not related to the amputation
We wished to ascertain if respondents who request treatment for their phantom pain were different in their sensitivity to pain or in their attitude towards medicine than respondents not requesting treatment. Questions on the intensity and duration of headache before taking medicine were asked in this section.
Stump pain
Questions asked if the stump hurt, the frequency and intensity of pain, methods of treatment and use of medication.
Phantom sensation
This section was intended to differentiate between the benign phantom sensation and the uncomfortable sensation. Information on location and intensity of phantom sensation when uncomfortable were asked to relate them to the painful phantom.
Phantom pain
This was the largest section in the questionnaire. Questions asked about the presence of phantom pain, time course, frequency and duration of attacks, location and description, intensity of pain and if respondents with phantom pain ever asked their doctors about the pain and the response to their question. A series of questions asked about the different methods of treatment offered when the respondent requested treatment for the phantom pain and satisfaction with treatment, including selfmedication and alcohol. A question to gauge the intensity of phantom pain before requesting treatment was asked to relate to similar questions regarding headache. Reasons for not requesting treatment for phantom pain were explored by another question.
Help
As most members of BLESMA are senior citizens, a question ascertained the reliability of the returned completed questionnaire by asking if the questionnaire was answered by the individual himself.
STATISTICAL ANALYSIS
We used the statistical software, SPSS for Windows version 6.1, for analysis of our data. Student's t test was used for comparison of the means of two groups of data measured on an interval scale, for example age. The Mann-Whitney U test was used for comparison of the means of two groups of data measured on an ordinal scale, for example pain measurement scale. Chi-square tests were used for comparison of non-numeric data and frequency of occurrence; these tests indicate if a series of events occurred with equal frequency among several groups. Differences were considered significant if the probability (P) was equal to or less than 0.01. Statistical significance was used only as a guide towards determining the clinical significance of different patterns.
Results
RESPONSE RATE
Of the 590 questionnaires sent out, 10 were returned by the postal service as not delivered and 22 were returned by the addressee's relatives as members were either mentally not fit to answer or were deceased. Only 32 failed to respond. The total number of evaluable questionnaires returned was thus 526 (89%). This was achieved by sending two waves of questionnaires, 8 weeks apart. The second wave was sent only to non-responders, which increased the response rate from 81% to 89%. Forty-five respondents accompanied their completed questionnaires with letters containing further information and notes of thanks for our interest.
RELIABILITY OF THE DATA Only 10.7% of respondents needed help to complete the questionnaire. Most of the respondents who needed assistance accompanied their answers by comments explaining the reason, which were mainly because of instability of the hand, for example parkinsonism.
SAMPLE CHARACTERISTICS
All respondents' amputations were of traumatic origin. Eighty-nine percent were sustained during active service. Median age and number of years since amputation were 73 and 50 yr, respectively. Approximately 87% of respondents had a lost limb(s) for the past 30-50 yr, few for even longer. Almost 50% of respondents had below knee amputation (table 1) .
PHANTOM PAIN AND STUMP PAIN FREQUENCY AND CHARACTERISTICS
Three-hundred and twenty-six respondents reported unambiguously the feeling of phantom pain, while 18 respondents were either not sure or were confusing phantom pain and stump pain despite the advice in our covering letter and questionnaire to clarify the difference. These 18 respondents were considered as not reporting phantom pain. Therefore, the frequency of phantom pain in 590 veterans surveyed was 55.2%, assuming the "best possibility" that all non-respondents had no phantom pain. Threehundred and thirty-four respondents reported stump pain (56.6%), of whom 220 reported phantom pain and stump pain. Duration of stump pain was reported as a mean of 13 (SEM 0.65) days per month. Respondents were asked to rate the intensity of their pain on a 0-10 scale (0:no pain, 10:unbearable pain). Mean intensities of stump pain and phantom pain were 6.2 and 5.6, respectively (P:0.002). On the same scale the means of their least and worst phantom pain were 3.6 (SEM 0.15) and 7.8 (0.15), respectively. There were no significant differences in relation to stump pain intensity between respondents reporting phantom pain and respondents not reporting phantom pain (mean 6.1 and 6.5, respectively) (P:0.14). Phantom pain disappeared completely in 52 (16%) respondents reporting phantom pain and decreased substantially in another 121 (37%), while it remained the same in 144 (44%) and even increased in nine (3%) respondents reporting phantom pain. One hundred and thirty-three (41%) respondents reporting phantom pain had a few attacks of pain every month, 81 (25%) fewer attacks per year, 53 (16%) had bouts of pain every day, 53 (16%) reported that the pain was always present and six (2%) reported a few attacks of pain every hour. Of those respondents whose phantom limb pain remained constant over the years, 58 (40%) were suffering pain attacks a few times per month, 39 (28%) reported that the pain was present continuously, 27 (19%) had a few attacks per day, 15 (10%) reported only a few attacks per year and only five (3%) reported a few attacks per hour. When the pain started, it lasted a few seconds or minutes in 116 (40%) respondents reporting phantom pain, hours in 87 (30%) and days in 17 (6%), and 70 (24%) reported that the pain was variable in duration with no pattern. The most common description of the phantom pain feeling was stabbing pain (24.3%) and pins and needles (20.5%) (table 2).
PHANTOM SENSATION VS PHANTOM PAIN
Three-hundred and fifty-two respondents reported the feeling of phantom sensation (66.8% of total respondents) and of these 273 (77.6%) reported phantom pain and phantom sensation. The strong relation between phantom pain and phantom sensation was obvious (chi-square:107.3 with 1 df, P:0.00001). We did not ask if phantom sensation preceded phantom pain. Respondents were asked to rate the intensity of their benign phantom sensation on the 0-10 scale (analogous to the visual analogue scale for pain). Sixty-three (17.9%) respondents reported phantom sensation but no phantom pain; mean phantom sensation intensity was 3.2 (SEM 0.31). Mean intensity of phantom sensation in respondents reporting phantom pain was 5.4 (0.17). This was significantly higher than the mean of 3.2 (0.31) reported by respondents who never reported phantom pain ( fig. 2 ). The linear relationship between intensity of the usual phantom pain and phantom sensation intensity is shown in figure 3 . There was a strong correlation between location of phantom limb sensation and phantom pain (chisquare:1562 with 196 df, P:0.000001) (table 3) .
Sixty-seven percent (67%) of respondents reporting phantom pain and phantom sensation reported exactly the same location for both sensation and pain. There was no relation between phantom sensation and site of amputation. We found that the intensity of phantom sensation was a significant predictor of the course of phantom pain in the future (time course), that is whether the phantom pain disappeard, decreased, remained the same or increased in the years after amputation. Of respondents reporting phantom pain with a phantom sensation intensity of 5 or less on the 0-10 scale, 61% said their phantom pain either decreased substantially or disappeared completely in due course. On the other hand, in respondents reporting phantom pain whose phantom sensation intensity was 5.1 and higher, 69% reported continued experience of phantom pain with the same intensity, while 3.7% reported increased intensity of pain. No respondent from the former group reported increased pain intensity (chisquare:22.7 with 1 df, P:0.00001) (table 4). In view of these significant relationships between phantom pain and phantom sensation, we were able to allocate respondents reporting phantom pain to one of three groups: group 1, 46 respondents reporting phantom pain with no phantom sensation (15% of respondents reporting phantom pain); group 2, 32 respondents reporting phantom pain and benign phantom sensation (10% of respondents reporting phantom pain); group 3, 237 respondents reporting phantom pain and uncomfortable phantom sensation (dysaesthesia) (75% of respondents reporting phantom pain). We found a significant difference between the three groups in relation to the time course of their phantom pain (chi-square:100.5 with 6 df, P:0.00001). Phantom limb pain disappeared or decreased in intensity in 39 (85%) respondents in group 1 in contrast with 21 (65.6%) and 103 (43.8%) respondents in groups 2 and 3, respectively. Only seven (15%) respondents in group 1 continued suffering phantom pain with the same intensity, compared with nine (28%) and 125 (53.2%) in groups 2 and 3, respectively (table 5) .
One hundred and ninety-five (82%) respondents in group 3 experienced stump pain. This was significantly higher than the incidences in group 1 (28 (12%)) and group 2 (14 (6%)) (chi-square:16.6, with 6 df, P:0.0002). There was no significant difference in the intensity of stump pain or phantom limb pain between the three groups.
Phantom sensation intensity was significantly higher in group 3 (mean 5.7 (SEM 0.17)) compared with group 2 (2.6 (0.41)). There was a significant difference between the three groups in relation to phantom pain frequency (chi-square:31.9 with 8 df, P:0.0001). In groups 1 and 2, pain occurred mainly as a few attacks per year while in group 3 phantom pain was far more frequent, occurring as a few attacks every month. There was no difference between the three groups in their response to different methods of treatment.
CORRELATION BETWEEN POSSIBLE PREDISPOSING FACTORS AND PHANTOM PAIN
There was no significant difference between those respondents reporting phantom pain and those not reporting phantom pain in relation to age at amputation (means 25.8 and 25.2 yr, respectively) (P:0.27). No significant difference was found between respondents reporting phantom pain and those not reporting phantom pain in relation to site of amputation (chi-square:5.5, 3 df, P:0.13) and pain in the limb before amputation (chi-square: 10.6 with 4 df, P:0.3). The incidence of phantom limb pain was not higher in respondents who had more than one limb amputation (chi-square:0.007 with 1 df, P:0.93).
POST-AMPUTATION PREDICTORS OF PERSISTENCE OF PHANTOM PAIN
There was a significant difference between respondents reporting phantom pain and not reporting phantom pain in relation to age (mean 70 and 72.4 yr, P:0.016). However, this difference was not clinically significant. There were no significant differences between respondents reporting phantom pain and those not reporting phantom pain concerning the use of a prosthesis (P:0.6) or number of hours per day the prosthesis was used (means 13.2, 13.6 h, respectively, P:0.1). Only 20 (3.8%) respondents did not use their prosthesis. The main reasons for not using it were stump problems (34%), ill health (24%) and clumsiness (22%), especially in upper limb amputees. Only 8% reported aggravation of phantom limb pain with the use of a prosthesis. There was no significant difference between respondents reporting and not reporting phantom pain concerning headache intensity before taking medication (means 6.4 and 6.1, P:0.42), and duration of headache before taking medication (means 2.2 and 2.0, P:0.5).
PHANTOM PAIN TREATMENT
One hundred and forty-nine respondents reporting phantom pain discussed their pain with their family doctor. There was a significant difference in the duration, frequency and worst pain intensity between respondents discussing and respondents not discussing the pain. Respondents who reported phantom pain lasting hours, days or of variable pattern tended to discuss their pain (chi-square:24.8 with 4 df, P:0.00005). Their worst phantom pain intensity was significantly higher (mean 8.7) (P:0.0001). Respondents reporting phantom pain episodes of a few times every year were the least likely to discuss their phantom pain (chisquare:16.2, with 3 df, P:0.001). Forty-nine respondents who discussed the pain with their doctors were told that there was no treatment to help the pain. The remainder were told the following: 20 respondents "pain is expected after amputation"; 17 respondents "the pain is nerve pain"; eight respondents "the pain is in their mind"; 11 respondents "the pain will go away"; six respondents "the stump is the cause of phantom pain" and one respondent was told "this pain will never go away". Seventy-five respondents who discussed their phantom pain with their doctor were prescribed analgesics, 39 were offered nothing and only 17 respondents were referred to a pain relief clinic. Seventy-two respondents reporting phantom pain asked for treatment for their phantom pain: eight (11%) respondents were offered nothing and 26 (36%) received transcutaneous electric nerve stimulation (TENS), of whom 11 (42%) expressed satisfaction with the treatment, including three who reported that it partially helped and another two who reported that it was extremely helpful (table 6). There was no significant difference in phantom pain intensity between respondents who reported satisfaction and those who did not report satisfaction with (TENS) treatment. In eight respondents of those who were satisfied with TENS treatment, it was used in conjunction with other methods of pain control. However, they reported their satisfaction with TENS treatment alone. Other treatments included different operations on the stump in 12 (16.6%) respondents, injections of the stump in 11 respondents (15%) and sympathectomy in eight (11%) respondents. Reasonable satisfaction was reported with operations on the stump and sympathectomy, with low satisfaction from nerve blocks (table 6) .
One hundred and eighty-two respondents reporting phantom pain were taking medication for their pain at the time of the study. Ninety-six respondents were taking simple analgesics (paracetamol); 45 (47%) reported satisfaction with the treatment. Compound analgesics (paracetamol with an opioid) were taken by 67 respondents, with 42 (63%) reporting satisfaction. Although only 27 respondents were taking non-steroidal anti-inflammatory drugs (including aspirin), 20 (74%) stated their satisfaction with its phantom pain controlling effect (table  7) . Forty-two respondents took alcohol to help their pain, of whom 31 (74%) reported that it was helpful.
Two hundred and twenty-three respondents reporting phantom pain did not wish to be treated at present. Sixty-five (29%) of those respondents reported the pain was not bad enough to require treatment; 32 (14%) reported their pain was not frequent enough; 18 (8%) had no more pain; 26 (12%) reported that the results of treatment were not encouraging among the amputee community; 35 (16%) were used to the pain; 22 (10%) thought they were too old to try new treatments; and 17 (8%) feared the complications of various methods of treatment. (table 8) . Interestingly, hitting the stump with a wooden mallet, which is described as the oldest method for stump pain treatment, was still used by several respondents. One hundred and eighty-three (55%) of the respondents reporting stump pain were taking analgesics.
Discussion
This is the second largest survey on phantom limb pain and stump pain after the survey reported by Sherman, Sherman and Parker in 1984. 4 The results of our study are of interest in three aspects. First, it is the largest British survey on chronic pain related to traumatic limb amputation. Second, the long-standing amputees studied presented us with ample information to assess the time course of phantom pain and stump pain. Third, the excellent response provided reliable information to address the problems of phantom limb and stump pain in amputees.
In designing a mailing survey, the length of the questionnaire in relation to the number of questions asked and the total number of pages sent to the potential respondent, is a major concern. In our study, which consisted of a relatively long questionnaire, we achieved a response rate of 89%. This highlights two interesting points: first, the response to a survey is related directly to the impact of the subject under investigation on the individual's life; second, the characteristics of the sample play an important role in their response, for instance the age of the amputees we studied. As war pensioners we anticipated that they have sufficient spare time to respond.
Fifty-five percent of respondents reported unambiguously the experience of phantom pain with a mean pain intensity of 5.6 on a 0-10 scale; this suggests that a considerable number of amputees suffer from this perplexing pain at least at some stage after amputation. Our result is similar to the 54% frequency reported in 1987 by Krebs and colleagues who followed-up 86 patients with limb amputations caused mainly by peripheral occlusive vascular diseases for 7 yr. 5 Riddoch reported a similar frequency in 1941 in traumatic and surgical amputations. 7 It seems that phantom pain has the same rate of occurrence in traumatic and other forms of amputation and it may be a persistent condition that stays with the amputee for the remainder of life as approximately 50% of respondents reporting phantom pain were in the worst pain for a long duration.
Our results showed a similar frequency of stump pain compared with phantom limb pain. However, stump pain intensity was higher. The six most common causes of stump pain are: prosthogenic, neurogenic, arthrogenic, sympathogenic, referred and abnormal stump tissue. 9 Most of these causes can be treated. It seems that we need to address the problem of stump pain and phantom limb pain when treating limb amputation related pain.
Phantom pain may be expected to decrease or even disappear with time. 10 Almost 50% of respondents suffering from phantom pain reported a substantial decrease to complete alleviation of pain, suggesting that this could be true in some cases of long-standing amputations. However, 47% of amputees continued to experience pain, indicating the seriousness of the problem in the amputee population. Approximately 50% of respondents reporting phantom pain discussed their pain with their family doctor. These respondents suffered the most pain for long durations with frequent attacks. One might expect that amputees with phantom pain of such characteristics would be referred to pain clinics where they may have greater access to therapies provided by specialists in the field of chronic pain management. However, only 17 amputees were referred to such centres. This may prevent patients from receiving adequate care. There is clear evidence that phantom pain is not an easy condition to manage even when therapy is provided by specialists. The problem is not if patients try therapies but if they receive them in a structured manner. 11 Sherman, Sherman and Parker 4 reported in 1984 the use of TENS in 20 of 2145 (0.9%) amputees with phantom pain. TENS at that time was expensive and rarely available outside pain clinics. At present they are used by physiotherapists, nurses, palliative care specialists and pain clinicians. Our finding that of the 72 amputees with phantom pain who requested treatment, 26 (36%) received TENS of whom 11 (42%) experienced satisfactory pain relief is significant as we assume that at least a few of those had the treatment for more than 1 yr. These patients were not satisfied with other therapies or even concomitant therapies, but only with TENS. This does not suggest satisfaction with treatment in general or the quality of care or the carers. It is also a common experience that if TENS is ineffective, it is discontinued even if it is not returned. TENS is often discontinued despite efficacy because it is inconvenient or irritant, or the efficacy is not great enough to outweigh the inconvenience or intrusive sensation. TENS is a simple, safe and re-usable firstline treatment. 12 It can be used long term with no risk of serious adverse effects. 13 Perhaps the principal message from these results is that TENS is at least as effective as any other therapy and as it is neither destructive nor expensive, it should be the treatment of first choice.
It seems that analgesic medicine has a useful role in the relief of phantom pain. Paracetamol was the most commonly used drug. However, the synergistic action of paracetamol and an opioid showed increased satisfaction with pain relief. NSAID were successful in 74% of 27 patients in our sample. In acute pain there is a growing body of evidence in favour of a central mechanism for the anti-inflammatory and analgesic effects.
14 NSAID have been shown to exert a direct spinal action by blocking the excessive sensitivity to pain (hyperalgesia) induced by activation of spinal glutamate and substance P receptors. 15 There is also strong evidence that NSAID work by changing 5-HT concentrations in the central nervous system. 16 Information on chronic pain is not yet available.
The development of phantom limb pain after amputation has been the subject of much discussion. Our work has added a new finding to the debate, namely the strong correlation between intensity of mechanical phantoms and severity of phantom limb pain. Therefore, it appears that nervous activity responsible for either sensation is mediated along the same central pathway.
The first point of convergence from tactile and nociceptive primary afferents is at the level of the wide dynamic range neurones in the dorsal horn. It is from this level rather than from higher levels of the pain pathway that central phantom limb pain is most likely to originate; there is animal evidence that after experimental division of the dorsal columns there is very little adaptive reorganization of the cerebral cortex. 17 Yang and colleagues 18 and Aglioti, Bonazzi and Cortese 19 observed that phantom limb pain may be projected to parts of the body from parts of the body previously serving the amputated limb. These authors interpreted their findings as caused by cortical plasticity; their findings are, however, also consistent with the well documented concept of reorganization involving sprouting into adjacent laminae in the somatotopically organized dorsal horn 20 after transection of peripheral nerves in animal experiments. 21 In essence, somatic central phantom limb pain may be a condition of pathologically increased gain in the wide dynamic range neurones.
We conclude that phantom pain is a major problem as 47% of suffering amputees reported continuing pain. The more treatable stump pain was equally common. TENS, analgesics and NSAID seemed to have a role in the treatment of phantom limb pain. The relation between phantom pain and phantom sensation is still not clear and requires further investigation.
